The human neocortex, the site of our remarkable cognitive capacities, is generally considered to be the most complex of all organs. It contains about 16 billion neurons that comprise diverse neuronal phenotypes, which are arranged longitudinally (radially) into six layers-as is the case for the mammalian neocortex in general-and latitudinally (laterally) into hundreds of functional areas (Rakic, 2009) . The generation of cortical neurons during development is the result of proliferative and differentiative divisions of neural stem and progenitor cells that reside in two principal germinal layers of the cortical wall of mammalian embryos and fetuses, the ventricular zone (VZ) and the subventricular zone (SVZ) (Borrell and Reillo, 2012; Fietz and Huttner, 2011; Gö tz and Huttner, 2005; Lui et al., 2011) . So how is it that such a number and diversity of neurons in the adult neocortex can be generated by neural stem and progenitor cells during development?
Basal Radial Glia During the past decade, an increasing number of studies have focused on the cell biology of neural stem and progenitor cells (Fietz and Huttner, 2011; Gö tz and Huttner, 2005) . In addition, interspecies comparisons have revealed not only a wide range in the timing of neocortical development across mammals (Charvet et al., 2011) , but also major differences across mammals with regard to the relative dimensions and cytoarchitecture of neocortical germinal zones in general, and the various types of neural stem and progenitor cells that operate during cortical development in particular (Borrell and Reillo, 2012; Fietz and Huttner, 2011; Lui et al., 2011) . The latter differences concern, notably, the relative abundance of a given cell type in the VZ or SVZ, the modes of cell division, and the fate of the progeny. In line with these observations, the gene expression profiles of distinct progenitor populations and germinal layers in rodents and primates have revealed striking differences.
One of the progenitor cell types that in this context has recently advanced to the center of attention is the basal radial glia (bRG) in the SVZ (also called outer radial glia), which originate from apical radial glia (aRG) (Figure 1 ). Following the seminal description of the outer SVZ (OSVZ) as a distinct germinal zone in the fetal monkey by Smart et al. (2002) , bRG were first characterized independently by three groups (Fietz et al., 2010; Hansen et al., 2010; Reillo et al., 2011) . These studies were motivated not least in consideration of the fact that the human neocortex-as well as that of other large-brained primates, such as the macaque-is characterized by enlargement of the supragranular layers and that neurons in these layers originate from the OSVZ (Lukaszewicz et al., 2005) . These and subsequent studies revealed that bRG exist at high relative abundance in the SVZ (both OSVZ and inner SVZ (ISVZ)) of primates including human, as well as in nonprimates developing a folded, gyrencephalic neocortex, but are rare in the SVZ of embryonic mouse neocortex, which lacks a distinct OSVZ (Shitamukai et al., 2011; Wang et al., 2011) . In light of these observations, bRG are thought to have a pivotal role in neocortical neurogenesis in most mammals.
Two properties have been thought to be typical features of bRG. First, elegant imaging studies of bRG divisions in slice cultures of embryonic mouse and fetal human neocortex have shown that bRG divide mostly asymmetrically, renewing themselves and generating either a neuron or a transit-amplifying progenitor (TAP) as the other daughter cell (Hansen et al., 2010; Wang et al., 2011) . Consequently, given that symmetric proliferative divisions of progenitors are required to account for the number of neurons generated during fetal human corticogenesis, and a hallmark of TAPs is their ability to undergo several rounds of symmetric proliferative divisions, bRGderived TAPs have been thought to be of particular importance for human corticogenesis (Lui et al., 2011) . Second, although bRG and bRG-derived daughter cells have been observed to occasionally extend an apical process, bRG at mitosis have typically been regarded as monopolar cells, extending a process only in the basal direction toward the basal lamina. Moreover, as with aRG, this basal process has been implicated in the selfrenewal capacity of bRG (Fietz et al., 2010; Shitamukai et al., 2011) . However, it turns out that the picture of bRG provided by these data was incomplete.
bRG Diversity In this issue of Neuron, Betizeau et al. (2013) provide an impressive set of data that substantially extend our knowledge about bRG and call for a revision of how we thought bRG generate neurons in the developing primate neocortex. Betizeau et al. (2013) have used an arsenal of imaging and immunohistochemistry to establish a detailed description of the behavior and morphology of OSVZ progenitors in the fetal macaque neocortex. First of all, their long-term ex vivo live imaging protocol enabled the following of retrovirally labeled progenitors and their progeny for more than 15 days, which is a significant improvement over previous studies (Hansen et al., 2010) . This in-depth work with more than 6,000 hr of recorded material, taken at developmental stages embryonic day 65 (E65) and E78, allowed for an unprecedented tracking of cell morphology and behavior.
Detailed analyses of movies resulted in the description of at least five basal progenitor types present in the macaque OSVZ, three of which have not been characterized before (Figure 1 ). These progenitor types are primarily based on cell morphology, notably the presence or absence of an apical and/or basal process, but also on the proliferative and neurogenic potentials of each progenitor type. Betizeau et al. (2013) show that the previously characterized bRG extending only a basal process at mitosis actually constitute only a subpopulation of all bRG. In addition to this bRG subtype (termed bRG-basal-P, indicating the presence of only a basal process), three other bRG subtypes are observed: bRGapical-P, bRG-both-P, and transient bRG (tbRG). As evident from their name, bRG-apical-P and bRG-both-P possess only an apical process or both an apical and basal process, respectively, throughout their cell cycle, including mitosis. While the basal process may, but not necessarily must, extend all the way to the basal lamina, the apical process may extend as far as the VZ but never reaches the ventricular surface, which is in line with the concept that all OSVZ progenitors have delaminated from the apical adherens junction belt. tbRG are a peculiar progenitor subpopulation that is able to change morphology (i.e., switch from a process-bearing morphology to a process-lacking one) after cell division. Besides these four bRG subtypes, which extend an apical and/or basal process, Betizeau et al. (2013) also observe intermediate progenitors (IPs), which lack such processes. In fact, two categories of the latter should actually be distinguished, that is, IPs proper, which divide only once into two postmitotic neurons, and TAPs, which undergo one or more rounds of symmetric proliferative divisions. These observations on bRG-derived IPs extend previous studies on IPs, notably in mouse and rat, where these progenitors were first characterized and found to originate from aRG, constituting the principal basal progenitor type in these species (Fietz and Huttner, 2011; Gö tz and Huttner, 2005; Lui et al., 2011) . Betizeau et al. (2013) complement their ex vivo live imaging with immunohistochemistry in order to determine the molecular make-up of each progenitor population and to establish characteristic markers. Surprisingly, the palette of transcription factors, traditionally used to differentiate between aRG, bRG, and IPs (Borrell and Reillo, 2012; Fietz and Huttner, 2011; Lui et al., 2011) , did not allow different OSVZ progenitor populations, in particular bRG subtypes, to be distinguished. This surprising finding might be due to the combination of transcription factors used together (both Pax6 and Tbr2), which was previously implemented only rarely due to technical 
OSVZ Progenitor Diversity and Transitions
Left: cartoon showing the principal morphological features of aRG and of the various OSVZ progenitors as described by Betizeau et al. (2013) , specifically the presence or absence of an apical and/or basal process. In addition, TAPs are depicted (Hansen et al., 2010; Lui et al., 2011) . For details, see text. Right: lineages from progenitors to other progenitors and to neurons, as observed in previous studies on rodents and human, and by Betizeau et al. (2013) for macaque. For simplicity, the term ''OSVZ'' is used in the figure to also apply to species exhibiting an SVZ but lacking an overt OSVZ (e.g., mouse). Note the multiple transitions between OSVZ progenitors observed by Betizeau et al. (2013). limitations. The finding that OSVZ progenitors share a very similar assortment of transcription factors introduced an unexpected feature of these progenitors-their ability of bidirectional transition from one type to another. Previous lineage models assumed that the temporal sequence of progenitors followed a linear relationship, starting from the type with the highest proliferative capacity, passing through an intermediate stage and ending with the generation of neurons (e.g., aRG / bRG / IP / N). The present study shows that the primate neocortical OSVZ is a far more dynamic place than previously assumed, with stage-specific transitions occurring between almost all progenitor types (Figure 1 ).
OSVZ Progenitor Cell Cycle
The ex vivo live imaging carried out by Betizeau et al. (2013) allowed not only for the study of the morphology and movements of the cells, but also for the analysis of the cell-cycle duration (Dehay and Kennedy, 2007; Gö tz and Huttner, 2005) . Careful examination of individual macaque cell divisions revealed cell-cycle dynamics that are significantly different to the ones previously reported for mouse. Contrary to mouse, the cell-cycle duration in the fetal macaque neocortex shortens during the course of neurogenesis. In addition to that, apical progenitors versus basal progenitors did not show extensive differences in cell-cycle length, as has been reported for mouse. This similarity of cell-cycle dynamics, together with the similarities in the molecular make-up, indicates a greater resemblance of primate OSVZ progenitors to the apical progenitors of the VZ, also in their proliferative capacities. A peculiar feature of the macaque OSVZ and VZ progenitor cell cycle is the shortening of its duration at E78. This stage corresponds to the formation of the supragranular layers, which, as mentioned before, are hugely enlarged in primates. The shortening of the cell-cycle duration would allow for the propagation of the progenitor pool, eventually resulting in a vast production of neurons destined for the supragranular layers.
OSVZ Progenitor Self-Renewal
The transitions between the different progenitor types observed during the course of several cell divisions allowed for the calculation of the self-renewing and neurogenic potential of each progenitor population. Generally, bRG-both-P showed the highest self-renewing capacity and yielded the highest number of neurons. Following this progenitor type, the next on the ''self-renewal scale'' were the bRG-apical-P and tbRG cells. The IPs and, unexpectedly, the bRGbasal-P showed lower self-renewing capacity. These observations have several implications. First, they imply that possessing both an apical and a basal process is best for basal progenitor selfrenewal, in line with previous studies on mouse apical progenitors (Shitamukai et al., 2011) . Second, they imply that if a basal progenitor possesses only one process, an apical process conveys greater self-renewal capacity than a basal process, at least under the present conditions of fetal monkey neocortical slice culture. This finding differs from the conclusions of previous studies in rodents and carnivores (Fietz et al., 2010; Shitamukai et al., 2011) , which have attributed an important role of the basal process to bRG self-renewal. This discrepancy might point to species-specific differences in progenitor behavior or in the composition of the proliferative/neurogenic niche surrounding the progenitors, to which they can respond by extending the processes. As to now, studies have shown that postmitotic neurons, blood vessels, incoming neuronal fibers, and progenitors themselves influence the behavior of adjacent progenitor cells (Lui et al., 2011) . These findings and the differences observed between different mammalian orders urge further studies concentrating on the microenvironments of the developing neocortex.
The Future Intriguingly, the greater complexity of OSVZ progenitors revealed by Betizeau et al. (2013) may provide a basis to more easily explain the heterogeneity of neurons generated during primate corticogenesis. Specifically, as OSVZ progenitors shift from producing infragranular to supragranular neurons, so does the topology of the network of OSVZ lineages, which perhaps contributes to producing phenotypically distinct neuron populations.
Many questions remain, of course. Betizeau et al. (2013) observed OSVZ progenitors in the occipital lobe of the fetal macaque neocortex. Should we expect progenitors in the frontal, temporal, and parietal lobes to exhibit essentially similar behavior? Because neurogenesis and neuron density (as observed in the adult neocortex) follow a posterior-anterior gradient, it is important to know whether the findings of Betizeau et al. (2013) It will be interesting, and no doubt rewarding, to investigate to what extent the infra-and supragranular OSVZ lineage transition networks are functionally and transcriptionally modular. Future work may examine which genes regulate each network, which genes or regulatory elements are involved in the switching between networks, and whether these are conserved between macaques and humans.
The study by Betizeau et al. (2013) advances the field considerably toward understanding how cortical neuron numbers and complexity may be achieved in development and evolution. An advantage of working with nonhuman primate neocortex is the viability of the ex vivo preparation. This approach has revealed a 2-fold increase in the number of distinct progenitor populations identifiable in the OSVZ and, furthermore, clarified the general importance of proliferative divisions in this basal germinal zone in large-brained primates. We are one step closer to comprehending how cortical stem and progenitor cells build the most complex organ in the natural world.
